Abstract -The reaction of 3-phenyl-1-azabicyclo[1.1.0]butane (1a) with chlorodithio-formates (5) at room temperature yielded 3-chloro-3-phenylazetidine-1-carbodithioates (6). The same products were obtained in a twostep procedure by treatment of 1a with thiophosgene to give azetidine-1-carbothioyl chloride (7a), followed by treatment with the corresponding sulfane.
Reactions of thiophosgene with primary or secondary amines are applied in the synthesis of thiocarbamoyl chlorides, which are useful intermediates for the preparation of thiocarbamates, dithiocarbamates and thioureas. [8] [9] [10] [11] An alternative way to prepare dithiocarbamates is the reaction of amines with chlorodithioformates. [12] [13] [14] Cyclic secondary amines such as pyrrolidine and morpholine are known to react easily with thiophosgene to give either the corresponding thiocarbamoyl chlorides or thioureas. 15, 16 However, in the case of the parent aziridine, the intermediate (3) undergoes a ring opening accompanied by elimination of HCl to give 2-chloroethyl isothiocyanate (4, Scheme 2). 17 The corresponding reaction with azetidine has not been reported. As thiocarbamoyl derivatives are of general interest with respect to their biological activity, we decided to elaborate a synthesis of such azetidine derivatives starting with 1-azabicyclo[1.1.0]butanes (1). 
RESULTS AND DISCUSSION
The reaction of 1a with phenyl chlorodithioformate (5a) was carried out at room temperature in CH 2 Cl 2 .
After 1 h (TLC control), the starting materials were consumed, the solvent was evaporated, and the product (6a) was isolated as a crystalline material by means of prep. TLC. In the 1 H-NMR spectrum, the reported to show only one signal for two equivalent atoms of the two N-substituents in the 1 H-NMR spectrum. 20 Only recently, the NMR spectra of such compounds registered at 200 and 400 MHz evidenced small differences in chemical shifts of equivalent atoms in the 1 H-as well as the 13 C-NMR spectrum. 21 Both, MS and elemental analyses confirmed the formation of a 1:1-adduct of 1a and 5a, and finally, the molecular structure of 6a was established by X-Ray crystallography (Scheme 3, Figure) . The analogous reactions of 1a with benzyl and propyl chlorodithioformate (5b and 5c), yielded the azetidine derivatives (6b) and (6c), respectively (Scheme 3). The dithiocarbamates (6a) and (6b) have also been prepared by an alternative method using thiocarbamoyl chloride (7a), which was easily accessible by addition of thiophosgene and 1a (Scheme 3).
The reaction of thiophosgene with 1a is exothermic, and the mixture had to be cooled. In the 1 H-NMR quaternary C-atom (58.4 ppm) of the azetidine moiety. Without isolation, the solution of the crude 7a was treated with two equivalents of benzenethiol and benzyl sulfane, respectively, in the presence of one equivalent of Et 3 N. After 24 h and aqueous workup, 6a and 6b were isolated. The attempted reaction of 7a with tert-butyl sulfane failed, and after 24 h the 1 H-NMR spectrum revealed the presence of unconsumed 7a. Figure 1 . ORTEP plot 22 of the molecular structure of 6a (50% probability ellipsoids; arbitrary numbering of atoms).
The in situ prepared 7a was also treated with piperidine or morpholine (2 equiv.) to give, after 1 h at room temperature, the expected thioureas (8a) and (8b), respectively (Scheme 4). Similarly, the reaction with aniline led to 8c. In contrast to dithiocarbamates of type 6, the 13 C-NMR spectra of thioureas (8) showed only one CH 2 -absorption for the azetidine ring.
Scheme 4
1a CH 2 Cl 2 , 0-5°C
Furthermore, the α-and β-C atoms of the piperidine and morpholine residues showed one signal for two CH 2 groups in each case. This phenomenon indicates that the rotation barrier for the CN bonds in the thiourea derivatives (8) is significantly lower than in the dithiocarbamates (6). This observation fits well with the reported low rotational barrier in tetrasubstituted thioureas.
With the aim of preparing symmetrical thioureas bearing two azetidine rings, the reaction of 1a with thiophosgene in the ratio of 2:1 was carried out. After addition of thiophosgene to the solution of 1a in CH 2 Cl 2 at 0−5°C and stirring of the mixture for 10 min, the solvent was evaporated, and a viscous oily residue was obtained, which was identified as 7a. None of the expected thiourea could be detected.
In extension of the reactions of 7a with thiols and amines, MeOH was used as an O-nucleophile. The crude 7a, prepared in a typical manner (1:1 ratio of 1a and Cl 2 C=S), was dissolved in MeOH, and the solution was left at room temperature over night. A crystalline product was isolated and identified as thiocarbamate (9a) (Scheme 5). The MeO group of this product absorbs at 4.00 ( 1 H) and 58.0 ppm ( 13 C).
In the 13 C-NMR spectrum, the signal of the C=S group appears at 189.4 ppm, and two signals for the two In summary, the results described in this paper show that the reactions of 1-azabicyclo[1.1.0]butanes (1) with chlorodithioformates and thiophosgene, respectively, open straightforward access to the hitherto unknown thiocarbamoyl derivatives of azetidine. In contrast to the reaction of Cl 2 C=S with the structurally related aziridine, which after ring opening and elimination of HCl leads to a chlorinated isothiocyanate (see Scheme 2), compounds (1) undergo conversion to the less strained and relatively stable adducts (7). In spite of this difference, the reaction mechanisms of these two transformations follow a similar pathway, typical for three-membered nitrogen heterocycles (Scheme 6). prepared according to a known protocol from trimethylsulfonium iodide, butyllithium and the corresponding azirine. 25 Phenyl chlorodithioformate (5a), benzyl chlorodithioformate (5b), and propyl chlorodithioformate (5c) were synthesized from the corresponding sulfane and thiophosgene in CHCl 3 /aq.
NaOH (5a) 26 or in CS 2 (5b, 5c). min. After evaporation of the solvent, the crude 7 was analyzed without purification. 
CI-MS: 179 (12), 178 (100, [M+1] + ).

Reaction of 1a with chlorodithioformates (5). General procedure A (GPA
3-Chloro-3-phenylazetidine-1-carbothioyl chloride (7a
3-Chloro-2,2-dimethyl-3-(4-fluorophenyl)azetidine-1-carbothioyl chloride (7c). Yield: 278 mg (95%).
Yellowish, thick oil. IR (KBr): 1490br, 1443s, 1236s, 1156m, 1123m, 842m, 829m, 818m, 754m, 591m, Table 1 , and a view of the molecule is shown in Figure 1 . Data reduction for was performed with HKL Denzo and Scalepack. 30 The intensities were corrected for Lorentz and polarization effects, and an absorption correction based on the multi-scan method 31 was applied. The structure was solved by direct methods using SIR92, 32 which revealed the positions of all non-H-atoms.
The non-H-atoms were refined anisotropically. All of the H-atoms were placed in geometrically calculated positions and refined using a riding model where each atom was assigned a fixed isotropic displacement parameter with a value equal to 1.2U eq of its parent C-atom. The refinement of the structure was carried out on F 2 using full-matrix least-squares procedures, which minimized the function Σw(F o 2 -F c 2 ) 2 . A correction for secondary extinction was not applied. One reflection, whose intensity was considered to be an extreme outlier, was omitted from the final refinement. Neutral atom scattering factors for non-H-atoms were taken from ref.
33a
, and the scattering factors for H-atoms were taken from ref. 34 Anomalous dispersion effects were included in F c ; 35 the values for ƒ' and ƒ" were those of ref.
33b
The values of the mass attenuation coefficients are those of ref. 33c All calculations were performed using the SHELXL97 program. 36 
